Supplementary Figures and Tables
. Single-crystal diffraction parameters and crystal data of C6-DPP-CP.
Empirical formula C117H132Cl9N8O4S4
Formula weight 2161.59 Calculated as the ratio between C4-DPP-CP and PC61BM.
The optimum p:n ratio was determined as 1:1 for C4-DPP-BP:PC61BM among the examined conditions. The optimum solution concentration was determined as 8 mg mL -1 for C4-DPP-BP:PC61BM among the examined conditions. Table S4 . Performance of BHJ OPVs based on C4-DPP-BP:PC61BM with different p:n ratios (fine screening). The optimum p:n ratio was determined as 4:3 for C4-DPP-BP:PC61BM among the examined conditions. The optimum amount of CS2 in CHCl3 was determined as 10% v/v for C4-DPP-BP:PC61BM among the examined conditions. The optimum solution concentration was determined as 8.5 mg mL -1 for C4-DPP-BP:PC61BM among the examined conditions. The thickness of the active layer deposited at this concentration was 105 nm. Calculated as the ratio between C6-DPP-CP and PC61BM.
The optimum p:n ratio was determined as 2:1 for C6-DPP-BP:PC61BM among the examined conditions. The optimum annealing temperature was determined as 200 °C for C6-DPP-BP:PC61BM among examined conditions. The optimum solution concentration was determined as 10 mg mL -1 for C6-DPP-BP:PC61BM among the examined conditions. The thickness of the active layer deposited at this concentration was 115 nm. Calculated as the ratio between C8-DPP-CP and PC61BM.
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The optimum p:n ratio was determined as 2:1 for C8-DPP-BP:PC61BM among the examined conditions. The optimum annealing temperature was assumed as 160 °C for C8-DPP-BP:PC61BM among the examined conditions. The thickness of the resulting active layer was 115 nm. Calculated as the ratio between C8-DPP-CP and PC61BM.
The optimum p:n ratio was determined as 2:1 for C10-DPP-BP:PC61BM among the examined conditions. The optimum annealing temperature was determined as 180 °C for C10-DPP-BP:PC61BM among the examined conditions. The thickness of the resulting active layer was 115 nm. Primary peak - Stacking peak Primary peak 
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Figure S15. DFT-optimized structures of (a) p-DTS(FBTTh2)2, and (b) p-SIDT(FBTTh2)2 with their aspect ratio and molecular orientations in neat films. 3, 4 Note that the 2-ethylhexyl groups in the original molecules were simplified as hexyl groups in the calculations. .
Materials
Solvents and chemical reagents for synthesis were reagent grade obtained from commercial sources and used without further purification unless otherwise noted. N-Bromosuccinimide (NBS) was recrystallized from hot water. Prepared as described in literature were 3, 9 3-(triisopropylsilyl)propiolaldehyde, 10 and ethyl 4,7-dihydro-8,8-dimethyl-4,7-ethano-2H-isoindole-1-carboxylate (1). 11 [6, 6 ]-Phenyl-C61-butyric acid methyl ester (PC61BM) was purchased from Luminescence Technology Crop. and used as received.
Computation
Geometry optimization of the Cn-DPP-BP model compound, in which the linear alkyl groups were replaced with methyl, was performed using the Gaussian 09 program suite 12 at the B3LYP/6-31G(d) level of theory with the tight-conversion criteria and without any symmetry constraint. Vibrational frequencies were computed at the same level to verify that the optimized structure locates at a minimum.
Single-crystal X-ray crystallography
The sample for making single-crystals of C6-DPP-CP was synthesized from a single stereoisomer of Current-density-voltage (J-V) curves were measured using a Keithley 2400 source measurement unit under AM 1.5G illumination at an intensity of 100 mW cm -2 using a solar simulator (CEP-2000TF, BunkoKeiki). The external quantum efficiency (EQE) spectra were obtained under illumination of monochromatic light using the same system. Thickness of active layers was measured using a surface profiler (DektakXT, Bruker) after the measurements of photovoltaic performance.
Evaluation of hole mobilities by the space-charge-limited method
The hole-only devices for space-charge-limited-current (SCLC) measurements were fabricated as follows:
ITO-patterned glass substrates (20 × 20 mm 2 , 15  per square) were washed by sonicating sequentially in detergent (Furuuchi Chemical Semico Clean 53), distilled water, and isopropanol at room temperature for 10 min each, then subjected to UV-O3 treatment (Bioforce Nanoscience, TC-003) at room temperature for 20 min.
The PEDOT:PSS (Clevios P VP AI4083) was spin-coated at 3000 rpm for 30 s in air, before thermal annealing at 130 °C for 10 min in air. The thickness of the resulting PEDOT:PSS layer was about 30 nm. The substrates were then transferred to a N2-filled glovebox (<5 ppm of O2 and H2O) for preparation of the organic layers.
The active layers were fabricated by spin-coating of Cn-DPP-CP:PC61BM blend solutions in CHCl3 (for C6-, C8-and C10-DPP-CP, 10 mg mL . Finally, each the device was encapsulated with a glass plate and epoxy resin before taken out from the glove box for the measurement.
The J-V characteristics of the resulting devices were measured in air within the range of 0−10 V using a Keithley 2400 source-measure unit. The J-V curves were analyzed by the Mott-Gurney law describing SCLC:
where r is the relative dielectric constant, 0 is the permittivity of free space,  is the hole mobility, V is the applied voltage, and L is the thickness of the active layer. The dielectric constant r is assumed to be 3, which is a typical value for organic semiconductors. The active-layer thickness (L) was measured using a surface profiler (ET200, Kosaka Laboratory) after the SCLC measurements. (80 nm for C4-DPP-BP:PC61BM, 76 nm for C6-DPP-BP:PC61BM, 79 nm for C8-DPP-BP:PC61BM, and 91 nm for C10-DPP-BP:PC61BM).
Fluorescence-decay measurements of active layers
The light from a picosecond-diode laser (470 nm, 10 MHz, 100 ps FWHM, Picoquant) was introduced to an inverted microscope (IX71, Olympus) and focused onto an active layer of OPV by an objective lens (× 60, N.A.: 0.7, LUCPlanFLN, Olympus). The fluorescence from the active layer was collected by the same objective lens and passed through a confocal pinhole (100 m) and suitable filters.
Measurements of optoelectronic properties of thin films
Thin-film smalples for the photoabsorption and photoelectron spectrometry measurements were prepared by spin-coating of precursors on glass substrates followed by heating to induce the CP-to-BP conversion. The employed conditions are as follows: Ionization energies of the resulting thin films were determined from the onset of photoelectron spectra measured by a photoelectron spectrometer in air (AC-3, Riken Keiki). UV−vis-NIR absorption spectra of the thin films were measured on a JASCO V-650 spectrophotometers.
Analysis of surface morphology
The surface morphology of organic films was observed by an SII SPA400/SPI3800N atomic force microscope in the tapping mode using a silicon probe with a resonant frequency of 138 kHz and a force constant of 16 N m -1 (SII, SI-DF20).
X-ray diffraction analysis of thin films
Grazing-incidence wide-angle X-ray diffraction (GIWAXD) experiments were conducted at beamline BL19B2 in SPring-8 (Hyogo, Japan). The X-ray beam was monochromatized by a double-crystal Si (111) monochromator, and the X-ray energy was 12.398 keV ( = 1 Å). The incident angle was set to 0.12° with a
Huber diffractometer and the sample-to-detector distance was about 174 mm. Diffracted X-ray from samples S20 was recorded by an X-ray photon counting pixel detector (PILATUS 300K, Dectris) for 30 s at room temperature. Samples for GIWAXD measurements were prepared in the same manner as that for OPV devices on Si/SiO2/PEDOT:PSS substrates. to a solution of C4-DPP (500 mg, 1.21 mmol) in CHCl3 (25 mL) at 0 °C over the course of 1 h in the dark.
Synthetic procedures and spectroscopic data
The reaction was stirred at rt overnight, and the solvent was removed under reduced pressure. The residue was purified by flash column chromatography on silica gel (CH2Cl2/hexanes, 2:1) and reprecipitation from a CH2Cl2 solution by adding hexanes to give the target compound 7b as a purple solid in 57% yield (337 mg, 0.686 mmol). Compound 2. Methylal (4.24 mL, 48.0 mmol, 0.6 equiv) and acetic acid (240 mL) were added to a solution of compound 1 (19.6 g, 80.0 mmol) in CH2C12 (120 mL). After the addition of conc.H2SO4 (80 drops), the resulting mixture was stirred at rt for l h. The reaction mixture was quenched by pouring into water, and extracted with CH2Cl2. The organic layer was washed with sat. NaHCO3 and brine, dried over Na2SO4, and evaporated under vacuum. The residue was purified by recrystallization in hexanes to give the target compound 2 as a white powder in 79% yield (15.9 g, 31.6 mmol, mixture of stereoisomers). 
C2-DPP-BP.
A solution of compound 6 (100 mg, 118 mol) and compound 7a (103 mg, 236 mol, 2.0 equiv) in dehydrated toluene (20 mL) and Et3N (10 mL) was deoxygenated by three cycles of freeze-pumpthaw. PdCl2(PPh3)2 (16.6 mg, 23.7 mol, 20 mol%) and CuI (9.0 mg, 47 mol, 40 mol%) were added under the protection of argon. After stirring at 70 °C for 23 h, the solvent was removed under reduced pressure. The residue was purified by flash column chromatography on silica gel (CHCl3, Rf = 0.23) to give a crude product of C2-DPP-ZnCP (127 mg), which was extremely low in solubility and thus subjected the dezincification reaction without further purification. Trifluoroacetic acid (1.0 mL, 13 mmol, large excess) was added to a solution of the crude C2-DPP-ZnCP (127 mg) in CH2Cl2. After stirring at rt for 2 h, the mixture was washed with NaHCO3 aq. twice. The organic layer was then dried over Na2SO4 and evaporated under reduced pressure.
The residue was purified by flash silica gel column chromatography on silica gel (EtOAc/hexanes, 3:7; Rf = 0.17) and reprecipitation from a CHCl3 solution by adding hexanes to give C2-DPP-CP as a black powder in 49% yield (86.6 mg, 58.0 mol). The impurities could not be removed by flash column chromatography, GPC, and reprecipitation; thus the product was used in the next step without further purification. 
